We investigate the relationship between black hole mass and bulge luminosity for AGNs with reverberationbased black hole mass measurements and bulge luminosities from two-dimensional decompositions of Hubble Space Telescope host galaxy images. We find that the slope of the relationship for AGNs is 0.76 − 0.85 with an uncertainty of ∼ 0.1, somewhat shallower than the M BH ∝ L 1.0±0.1 relationship that has been fit to nearby quiescent galaxies with dynamical black hole mass measurements. This is somewhat perplexing, as the AGN black hole masses include an overall scaling factor that brings the AGN M BH − σ ⋆ relationship into agreement with that of quiescent galaxies. We discuss biases that may be inherent to the AGN and quiescent galaxy samples and could cause the apparent inconsistency in the forms of their M BH − L bulge relationships.
INTRODUCTION
Most galactic bulges are now believed to harbor a massive black hole. For AGNs, the evidence of the black hole is obvious from the activity. However, even in quiescent galaxies, the effect of the black hole can be detected from stellar and gas kinematics near the nucleus. What remains to be determined is the formation mechanism for these massive black holes and their role in shaping and responding to the evolution of their host galaxies.
In an early review on the subject of quiescent galaxy black hole masses, Kormendy & Richstone (1995) pointed out that the estimated central black hole masses of eight galaxies seemed to show a correlation with the host galaxy bulge luminosities (or, equivalently, bulge stellar masses). Magorrian et al. (1998) later investigated a sample of 32 nearby galaxies and their black hole masses, and confirmed that the estimated black hole mass in each galaxy was indeed proportional to the luminosity (or mass) of the host galaxy bulge, albeit with a scatter about the fit of approximately ±0.5 dex. Later studies claimed, in some cases, that there may be a difference in the black hole-bulge relationship for quiescent and active galaxies, or even for Seyfert galaxies and quasars (e.g., Wandel 1999) . Subsequent investigations seem to have decreased these discrepancies through more sophisticated techniques of measuring the bulge luminosity such as 2-dimensional image decompositions (e.g., McLure & Dunlop 2001; Wandel 2002 [hereafter W02]) or dynamical modeling of the host galaxy (e.g., Häring & Rix 2004) .
We have recently completed a Hubble Space Telescope campaign to image the host galaxies of AGNs with black hole masses from reverberation-mapping. The images were acquired for the purpose of decomposing the surface brightness profiles of the host galaxies and creating "nucleus-free" images from to measure the host-galaxy starlight contributions to ground-based spectroscopic luminosity measurements of the AGNs (results described by Bentz et al. 2006 Bentz et al. , 2008 . Combining the bulge luminosities estimated from the surface brightness decompositions of these high-resolution images with the recently updated and homogeneously analyzed database of reverberation masses for these objects (Peterson et al. 2004; Grier et al. 2008) , we re-examine the relationship between black hole mass and host galaxy bulge luminosity for nearby AGNs. Throughout this work, we will assume a standard flat ΛCDM cosmology with Ω B = 0.04, Ω DM = 0.26, Ω Λ = 0.70, and H 0 = 70 km s −1 Mpc −1 .
BULGE LUMINOSITIES AND BLACK HOLE MASSES
We investigate here the sample of AGNs with black hole masses measured using the variability technique known as reverberation mapping. The details of the host galaxy imaging and surface brightness decompositions are described by Bentz et al. (2006 Bentz et al. ( , 2008 , but we include a short summary of the relevant details here. The majority of the objects in the reverberation sample were imaged with the Advanced Camera for Surveys (ACS) High Resolution Channel (HRC) through the F550M filter. Unfortunately, ACS ceased functioning before the observations were completed, so five objects (PG 0026, PG 1307 , PG 1426 , PG 1617 were imaged with the Wide Field Planetary Camera 2 (WFPC2) through the F547M filter. Exposure times for all observations were graduated so that the saturated pixels in the nucleus region of the long exposures could be corrected using an unsaturated image. After correcting saturated pixels and cleaning cosmic rays, individual images were co-added and corrected for distortion if necessary. The surface brightness profiles of the AGN host galaxies were modeled with the twodimensional image decomposition program Galfit (Peng et al. 2002) . To avoid overcorrecting the AGN luminosities for host galaxy starlight, we made conservative host galaxy model fits which may somewhat underestimate the true brightness of the various galaxy components.
For most of the reverberation-mapped objects, the HST images are sufficient for a full decomposition. However, for the nearby and spatially-extended NGC objects in the sample, the HST images do not provide the necessary wide field of view NOTE. -For those objects with two bulge luminosities listed, the first is the luminosity of the largest-scale non-disk component, and the second is the luminosity of all non-disk components, including bars or inner bulges. Black hole masses are from Peterson et al. (2004) , except for PG 2130+099 (Grier et al. 2008 ).
(FOV) to measure the sky background, which affects the accuracy to which we can constrain the bulge and disk parameters. Our current surface brightness models for the HST images of the NGC galaxies include components that cannot be resolved in the ground-based images due to their small effective radii (<3.5 ′′ in all cases). The typical seeing in the ground-based images of ∼ 2 ′′ blurs the central PSF together with these compact components and with the bulge itself, which has an effective radius of only ∼ 10 ′′ for these objects. The difficulties in disentangling the nuclear structure in the ground-based images and the fact that the distortion-corrected HRC FOV is, at best, only twice the effective radius of the bulge and furthermore doesn't allow measurement of the sky, creates enough uncertainty in the bulge parameters for the NGC objects with reverberation masses that we exclude them from further analysis at this time. Additional images with an intermediate FOV are necessary to fully constrain the decompositions of these galaxies. We also exclude IC 4329A because of its uncertain black hole mass and because it is a dusty edge-on galaxy with an unreliable surface brightness decomposition. Table 1 lists the 26 objects examined by this paper.
The parameters of the surface brightness decompositions are included in Bentz et al. (2008) . We take the component with the largest effective radius (other than any exponential disk component) as the "bulge" for each of these galaxies, except for Mrk 79 where there is clearly an extended bar-like component. For ellipticals, the bulge magnitude is the total galaxy magnitude. We followed the prescriptions of Sirianni et al. (2005) for converting from the space telescope AB λ magnitude system to Galactic extinction-corrected magnitudes in the Vega system, which we list in Table 1 as m HST . The V − HST color for each object was calculated with synphot in IRAF using the bulge template of Kinney et al. (1996) . We include in Table 1 the extinction-corrected integrated bulge magnitude in the Vega system for each AGN host galaxy, the corresponding apparent and absolute Johnson V magnitudes, and the V -band luminosity from the standard relation log L V /L ⊙ = 0.4(−M V + 4.83). We assume an uncertainty of ±0.2 dex for the bulge luminosities. Four of the galaxies had an additional surface brightness component besides a bulge or exponential disk. Imaging alone is not sufficient to ascertain whether these components contribute to the total bulge brightness or are dynamically distinct, so we also list in Table 1 the bulge luminosity for those objects including the contribution from the additional component. Figure 1 compares the (single component) bulge luminosities and black hole masses for the sample of objects that are common to both this work (filled circles) and the Wandel (2002) study (open circles). There is a clear trend between black hole mass and bulge luminosity for the objects in this study, whereas the bulge luminosities from Wandel (2002) have a range of ∼ 2 dex in black hole mass over a limited ∼ 1.5 dex range in luminosity. It is perhaps unsurprising that a correlation is more apparent now, as the study by Wandel (2002) is a compilation of inhomogeneous data from the literature. The bulge luminosities were primarily from McLure & Dunlop (2001) and include measurements from ground-based photographic plates and CCD imaging, as well as saturated and unsaturated HST imaging, all in various passbands. Many of the studies included in the compilation did not use the same cosmologies and distances for the objects or the same analysis techniques in determining the black hole mass. All of the reverberation-based black hole masses have since been homogeneously analyzed and updated by Peterson et al. (2004) , and PG 2130+099 which has an updated mass from the analysis of a new reverberation data set by Grier et al. Figure 2 shows the black hole masses versus the host galaxy V -band luminosities for the full sample of 26 objects included in this study.
THE BLACK HOLE MASS -BULGE LUMINOSITY

RELATIONSHIP
We employed two independent fitting routines in our examination of the M BH − L bulge relationship: FITEXY (Press et al. 1992) , which estimates the parameters of a straight-line fit through the data including errors in both coordinates; and BCES (Akritas & Bershady 1996) , which accounts for the effects of errors on both coordinates in the fit using bivariate correlated errors and a component of intrinsic scatter. FI-TEXY numerically solves for the minimum orthogonal χ 2 using an interative root-finding algorithm and is a "symmetric" algorithm in that it does not assume a dependent and independent variable. Following Tremaine et al. (2002) , we include an estimate of the fractional scatter, in this case the fraction of the M BH measurement value (not the error value) that is added in quadrature to the error value to obtain a reduced χ 2 of 1.0. While BCES also accounts for intrinsic scatter, it does not provide a measure of it. We adopt the bootstrap of the BCES bisector value with N = 1000 iterations. Fits of the form
were performed utilizing both the single-component bulge luminosities and the multiple-component bulge luminosities and are presented in Table 2 . The powerlaw slope ranges from 0.76 ± 0.08 to 0.85 ± 0.11 depending on the definition of the bulge luminosity and the specific fitting routine utilized. We take the BCES fit nearest the middle of this range, with a slope of 0.80 ± 0.09, as the "best" fit. Table 2 . We also fit the quiescent galaxy relationship excluding Cygnus A and NGC 5845, both of which are known to deviate significantly (FF05). Figure 3 shows the M BH − L bulge relationship for the FF05 ellipticals compared to the "best" fit for the AGNs in this study. The slope of the quiescent galaxy relationship is steeper, although the severity of the discrepancy depends on the specifics of the fitting routine used, as the best-fit slope from BCES is α = 1.43 ± 0.21 versus α = 1.11 ± 0.21 from FITEXY. The fits presented here for the quiescent elliptical galaxies are slightly steeper than that reported by FF05 (α = 1.05 ± 0.21) and are in reasonable agreement with the slope of 1.40 ± 0.17 for the quiescent galaxy fit reported by Lauer et al. (2007a) . Both of these studies included lenticular and spiral galaxies with dynamical masses in their fitting samples. Lauer et al. (2007a) compiled decompositions from the literature, while FF05 assumed specific ratios of L bulge /L total based on morphological type. 4. DISCUSSION The compendium of AGN black hole masses and bulge luminosities presented here offers several advantages over previous measurements compiled from the literature (i.e., Wandel 1999 Wandel , 2002 McLure & Dunlop 2001) . The masses result from a homogeneous analysis of reverberation-mapping data (Peterson et al. 2004) , in contrast to many recent stud- ies of AGN black hole -bulge relationships where black hole masses are inferred from single-epoch spectral measurements (e.g., Greene et al. 2008; Kim et al. 2008) . The bulge luminosities in this work are estimated from twodimensional surface brightness decompositions of unsaturated high-resolution space-based images taken with the same instrument and the same filter. The exceptions are the five objects that were imaged through the F547M filter using WFPC2, but the bandpass is very similar to the ACS F550M filter employed for the other objects (λ c (F550M) = 5580 Å versus λ c (F547M) = 5483 Å, and ∆λ(F550M) = 547 Å versus ∆λ(F547M) = 483 Å). Unfortunately, there is not a similarly consistent sample of high-quality images from which the bulge luminosities can be estimated for the quiescent galaxies with dynamical black hole masses. While high-quality observations do exist for these nearby and well-studied galaxies, they have not been obtained in a uniform fashion. The recent work by Graham (2007) Erwin et al. 2004 ), all of which arrive at different values for the slope of the quiescent galaxy M BH − L bulge relationship and/or different black hole masses predicted for a specific bulge luminosity. Graham carefully updated and revised the samples of objects included in these studies and found that the differences of the best-fit parameters found by each study are mitigated, the scatter in the measurements is significantly decreased, and that M BH ∝ L 1.0 . Interestingly, he finds a somewhat shallower slope, α ≈ 0.75 − 0.88, when bulge luminosities are estimated by two-dimensional decompositions of Bband images and corrected for inclination-dependent dust extinction in the host galaxy disks. Only 13 objects are included in that particular analysis (an updated form of the study presented by Erwin et al. 2004) but it is intriguing nonetheless in its close agreement with the fit that we find for the AGNs.
While we expect that the AGN bulge luminosities in this may be slightly underestimated based on the conservative galaxy fits we employed, there is also a small k-correction introduced, as the average redshift of the 26 AGNs is z ≈ 0.1. The portion of the SED observed through the medium-band V filters employed in the HST observations is fainter (∼ 0.1 dex The slope of the relationship appears shallower for AGNs than for quiescent galaxies. The solid line is the same fit displayed in Figure 2 for the sample of AGNs in this work, and has a slope of α = 0.80 ± 0.09. The short-dashed line is the BCES fit to the elliptical galaxies and has a slope of 1.43 ± 0.21, while the long-dashed line is the FITEXY fit to the elliptical galaxies and has a slope of 1.11 ± 0.21. in luminosity) than if the galaxies were at z = 0, assuming their stellar populations resemble that of the bulge template of Kinney et al. (1996) . Accounting for any such biases in the galaxy fitting or colors would intensify the apparent differences between the slopes measured for the AGNs and quiescent galaxies. The black hole masses for the AGNs have already been scaled so that their M BH − σ ⋆ relationship is brought into agreement with the quiescent M BH − σ ⋆ relationship fit to the same sample of quiescent galaxies included in the FF05 study. The differences may be mitigated if Marconi et al. (2008) are correct in their suggestion that neglecting radiation pressure leads to systematic underestimation of black hole masses from reverberation mapping data (see, however, Netzer 2008) .
A separate concern has been raised by Yu & Tremaine (2002) , Bernardi et al. (2007) , Lauer et al. (2007a) , and Tundo et al. (2007) , who present an apparent disagreement between the quiescent galaxy M BH − σ ⋆ and M BH − L bulge relationships and suggest that the quiescent galaxy sample is biased towards galaxies with overly large velocity dispersions for their luminosities (see, however, Graham 2008 who examines the role of bars in this issue). There is no reason to suspect the AGN sample of having the same bias, as the mass measurements are made using flux variability techniques and not dynamical techniques. Such a bias may help explain why some of the quiescent galaxies at the high luminosity end have black hole masses that are more than an order-of-magnitude larger than the active galaxies, although it may not completely resolve this disparity.
Finally, there may be no reason to expect that the M BH − L bulge relationship is the same for the AGNs and quiescent galaxies in these samples, as there is only a modest number of objects in each sample and selection effects likely play an important role on both sides (Lauer et al. 2007b) . Clearly, there remain several areas that are in need of investigation, any of which may shed light on the apparently inconsistent fits to the M BH − L bulge relationship for AGNs and for quiescent galaxies. As the M BH − L bulge relationship is an important and widely used means of estimating black hole masses throughout cosmic history (e.g., Marconi et al. 2004; Shankar et al. 2004) , an accurate characterization of this relationship is necessary for understanding black hole growth and evolution as well as the interplay between black holes and their host galaxies.
SUMMARY
We have presented an updated version of the AGN M BH − L bulge relationship using the database of homogeneously analyzed reverberation masses from Peterson et al. (2004) and Grier et al. (2008; PG 2130+099) and the two-dimensional surface brightness decompositions of the AGN host galaxies described by Bentz et al. (2008) . We find a strong correlation about the relationship for the 26 AGNs included here, with a best-fit powerlaw slope of 0.80 ± 0.09. This is somewhat shallower than the best-fit slope for quiescent galaxies (α ≈ 1.0), even though the AGN black hole masses have been scaled to bring the AGN and quiescent galaxy M BH − σ ⋆ relationships into agreement. There appear to be many systematics in both the AGN and quiescent galaxy samples that must be investigated in order to more completely understand this important relationship.
Our future plans include investigating the biases in the AGN sample and extending the range of the relationship for AGNs. We have an HST Cycle 17 program to image the NGC objects that were excluded from this particular work with the Wide Field Camera 3 through the F547M filter. These observations will provide us with the intermediate FOV images necessary for accurate decompositions of those galaxies, enabling us to include them at the low-mass end of the M BH − L bulge relationship for AGNs. Recent reverberation-mapping experiments that were carried out at MDM Observatory (spring 2007) and Lick Observatory (spring 2008) focusing on AGNs with black hole masses in the range 1 × 10 6 − 5 × 10 7 M ⊙ (Denney et al. in preparation, Bentz et al. in preparation) show promise in further extending the range and coverage of the M BH − L bulge relationship for AGNs at the low-mass end.
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